W. KAY READ and CHARLES H. BRIDGES Among domestic animals, lipodystrophic changes of the central nervous system have been reported in dogs23 51 6 , 7 , 9 , 1 3 and Aberdeen-Angus calves's. Swollen neurons with finely vacuolated cytoplasm containing sudanophilic granules have been described in two English setters5 and similar familial glycosphinolipidosis in a litter of fourteen English setters has been compared with juvenile amaurotic idiocy in man'. Frothy cytoplasm of neurons containing sudanophilic granules was described also in the central nervous system of a dog of mixed breed13 and similiar changes have been reported as occurring in the central nervous system of two unrelated cocker spaniels2. Cerebrospinal lipodystrophy characterized by the presence of gangljosides in swollen neurons has been recognized recently in a family of German short-hair pointers and compared to late infantile familial amaurotic idiocy in m a d . Recent reports indicate also the existence of a canine lipidosis with similarities to Tay-Sach's disease in man and characterized by ultrastructural membranous bodies in the cytoplasm of affected neuronsg. In the Aberdeen-Angus calves frothy cytoplasm of neurons were found, but the author stated that special stains of the vacuolated neurons did not reveal lipids or carbohydratesls.
Several types of lipidosjs involving the central nervous system, including Tay-Sach's disease (TSD)14,17, late infantile amaurotic idiocy (LIAI)3.15> 17, juvenile lipidosis4, mucopolysaccharidosis'6.17, and Niemann-Pick's disease (NPD)17 are recognized in man. Ultrastructural studies of cerebral biopsies from individuals affected by these diseases have revealed the presence of membranous cytoplasmic bodies resulting from abnormal lipid storage in affected neurons. The occur-rence of large numbers of concentrically lamellated membranous cytoplasmic bodies (MCB's) in neurons of the cerebrum of children with TSD has been described14. In juvenile lipidosis, the abnormal inclusions in cerebral neurons consist of numerous lipofuscin bodies4. Cytosomes resembling both those of TSD and juvenile lipidosis are found in L I A P 15. Recent ultrastructural studies of the cerebellum from children with TSD, TJAI, NPD, and lZMP reveal changes similar to those previously described as occurring in the cerebrum in these diseases".
The purpose of this paper is to report the occurrence of a disease involving the central nervous system of Yorkshire swine which is characterized by ultrastructural membranous cytoplasmic inclusions similar to those of Tay-Sach's disease. Data on clinical behavior of this disease will be reported after further study. grids, stained with uranyl acetatell and lead citrate12, and examined with an electron microscope. Sections of paraffin-embedded tissue were stained with hematoxylin and eosin or luxol fast blue and hematoxylin.
Materials and Methods
Normal tissues, which also had been fixed in phosphate buffered 10% formalin, were taken from the central nervous system of two clinically normal swine. Specimens were prepared in the same manner as described above.
Results
Neurons in sections of paraffin-embedded tissue from affected pigs had fine granular chromatin dispersed throughout their foamy cytoplasm ( Fig. 1) . Distinct vacuoles were present in the peripheral cytoplasm of some neurons, usually near dendritic and axonal processes ( Fig. 2 ). Spherical to oval bodies, most being solid but occasionally in ring-form, were present in the cytoplasm of vacuolated neurons which had been stained with luxol fast blue. All areas of the brain and spinal cord were involved, although the larger neurons of the brain stem were more uniformly involved than were the neurons of such areas as the cerebral cortex.
Numerous round osmophilic cytoplasmic inclusions were found by phase microscopy in affected neurons. These cytoplasmic inclusions in osmium-fixed sections stained as intensely with toluidjne blue as did the myelin (Fig. 3) , whereas the myelin sheaths were in sharp contrast with the coarse aggregates of lighter staining Nissl's substance in neurons from normal swine (Fig. 4) .
Examination of the adjacent ultrathin sections by electron microscopy revealed that the osmophilic cytoplasmic inclusions were concentrically laminated membranous cytoplasmic bodies (MCB's) ( Fig. 5 ) and the same structures as those outlined by the luxol fast blue. The MCB's were composed of closely associated electron-dense membranes arranged in a parallel fashion (Fig. 6) . Swollen axonal torpedoes containing large numbers of MCB's were observed frequently ( Fig. 7) .
Discussion
Until recently, previous reports of lipidosis in domestic animals that resembled Tay-Sach's disease and amaurotic idiocy in man have been based on histochemical and morphological characteristics found in paraffin-embedded tissue by light microscopy. The laminated membranous cytoplasmic inclusions which are fully demonstrable only by electron microscopy represent a more dependable characteristic.
The foamy cytoplasm, the loss of Nissl's substance, and the presence of inclusions which stained with luxol fast blue in the neurons of the animals in this study were considered to be compatible with pathologic changes described in cerebrospinal lipodystrophy in m a d . The reaction of these inclusions to luxol fast blue and hematoxylin after paraffin embedding was similar to that of myelin. The cytoplasmic inclusions found within neurons examined following epoxy resin embedding also had staining characteristics similar to that of myelin. Electron microscopy of adjacent ultrathin sections confirmed the presence of laminated membranous cytoplasmic inclusions consistent with those described in Tay-Sach's disease14. Although the arrangement of layers within individual MCB's was not completely uniform, individual membranes had a definite, regular, parallel periodicity as do those occurring in children14.
Because of the large numbers of neuronal inclusions which are morphologically similar to those occurring in Tay-Sach's disease, this disease in Yorkshire swine is considered to represent an important animal model of cerebrospinal lipodystrophy which is morphologically comparable to that in man. Further studies are being conducted to determine the distribution of lesions within the central nervous system, the origin of the MCB's, and the experimental reproduction of the disease. Present information is insufficient to make statements concerning the possibility of this condition representing a heredofamilial disease.
Sttmmary
Spontaneous lipidosis of the central nervous system of two Yorkshire swine is reported. The presence of membranous cytoplasmic neuronal inclusions similar to those reported in Tay-Sach's disease in man was confirmed by electron microscopy.
Zusammenfassmg
Es wird iiber die spontane Lipidose des Zentralnervensystems von zwei Yorkshire-Schweinen berichtet. Das Vorhandensein membranoser, zytoplasmatischer neuronaler Einschliissewie bei der Tay-Sach-Krankheit des hfenschenkonnte elektronenmikroskopisch bestatigt werden. Fig. 6 . Electron micrograph of a kICB demonstrating internal arrangement of individual membranes with a regular parallel periodicity (arrows). Uranyl acetate and lead citrate, x 150,000. Fig. 7 . Axonal torpedo containing numerous IMCB's. Disruptions of myelin sheath are considered to be due to prolonged fixation in formalin. Uranyl acetate and lead citrate, x 21,600.
